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INTRODUCTION 


The  US  Army  has  developed  and/or  procured  a  number  of  new  field  equipment 
Items  to  treat,  store,  and  distribute  potable  water.  During  September  1982, 
the  Army  Quartermaster  School  set  up  and  tested  the  core  components  of  the 
field  water  supply  system  which  was  designed  to  support  the  Rapid  Deployment 
Force.  The  test  was  performed  under  simulated  desert  combat  conditions  at 
Fort  Irwin,  CA.  Major  equipment  Items  evaluated  were:  150,000  gal/day 
reverse  osmosis  water  production  unit,  tactical  water  storage  and  distribution 
system,  4,570  gallon  semitrailer-mounted  collapsible  tank,  small  water 
chiller,  and  forward  area  water  point  supply  system.  A  number  of  ancillary 
devices  were  used  in  support  of  the  major  equipment  Items. 

During  the  field  test  trials,  water  samples  were  taken  at  points 
throughout  the  train  of  water  treatment,  storage,  and  distribution  equipment 
units.  The  water  samples  were  analyzed  for  inorganic  and  organic  chemicals 
and  indicator  microorganisms  of  importance  for  the  protection  of  human 
health.  While  most  constituents  in  the  potable  product  waters  of  the  system 
were  identified  and  were  within  normal  safe  drinking  water  criteria  levels, 
one  organic  constituent  was  detected  in  concentrations  exceeding  1,000  times 
those  of  the  trace  organics,  and  could  not  be  identified  by  the  Army 
laboratory  performing  the  analyses. 

Because  of  the  urgency  and  importance  of  demonstrating  the  viability  of 
the  field  water  equipment,  US  Army  Medical  Bioengineering  Research  and  Devel¬ 
opment  Laboratory  (USAMBRDL)  was  verbally  requested  by  the  Army  Office  of  The 
Surgeon  General1  and  the  Office  of  the  Deputy  Chief  of  Staff  for  Logistics2  to 
provide  timely  assistance  in  the  identification  of  the  unknown  water  sample 
constituent.  An  extract  known  to  contain  the  contaminant  was  provided  to 
USAMBRDL  by  the  Army  laboratory  responsible  for  the  field  test  analyses.  This 
report  describes  the  rapid  response  and  the  process  ;,^Jch  USAMBRDL  identi¬ 
fied  the  compound  within  3  days  of  receipt  of  the  ev'v-c". ,  and  points  to  the 
medical  implications  associated  with  its  ingestion. 


OBJECTIVE 


The  objective  of  this  study  was  to  provide  immediate  support  in  the 
identification  of  an  unknown  organic  chemical  contaminant  from  potable  field 
waters  produced  in  a  test  of  Army  field  water  treatment,  storage,  and  distri¬ 
bution  equipment. 


MATERIALS  AND  METHODS 


Mass  spectra  were  determined  with  a  Hewlett  Packard  5985B  gas 
chromatograph/mass  spectrometer/data  system  (GC/MS/DS)  equipped  with  a  25  m  x 
0.2  mm  ID  fused  silica  capillary  column  (cross-linked  OV-1,  11  ym  thick) 
interfaced  directly  to  the  source.  Source  temperature  was  200°C  unless  noted 
otherwise.  For  Cl  (chemical  ionization)  spectra,  methane  was  introduced 
through  a  packed  column  to  give  a  source  pressure  of  2-3  x  10'  torr,  and  the 


sample  was  Injected  Into  the  capillary  column  (splltless  mode).  Injection 
temperature  was  250°C,  and  the  GC  oven  was  programmed  from  100°  to  250°C  at 
20°C/mln  with  an  Initial  hold  of  1  minute. 


RESULTS  AND  DISCUSSION 


The  sample,  received  as  a  methylene  chloride  solution,  was  subjected  to 
GC/MS  in  El  (electron  Impact)  and  PCI  (positive  chemical  Ionization)  mass 
spectrometry  modes.  No  match  for  the  El  mass  spectrum  (Fig.  I)  was  found  In 
the  NBS  spectral  library.  The  structure  was  deduced  as  follows: 

Since  no  unambiguous  molecular  weight  information  was  found  from  the  Cl 
mass  spectrum  under  normal  conditions  (Fig.  2),  the  source  temperature  was 
lowered  to  100°C  to  minimize  fragmentation.  Under  these  conditions,  the  base 
peak  was  still  m/z  175;  but,  in  addition,  the  typical  pattern  for  a  compound  of 
molecular  weight  M  —  namely  Mfl  (m/z  337),  M4-29  (m/z  365),  M4-41  (m/z  377)  — 
was  observed  (Fig.  3). 3  Thus,  a  molecular  weight  of  336  was  established. 


The  infrared  (IR)  spectrum  (Fig.  4)  showed  C-0  absorption  (1100- 
1150  cm-*),  but  no  OH,  00,  or  OCH  bands  were  present.  The  absence  of 
clusters  or  extra  peaks  In  the  mass  spectra  due  to  natural  abundance  Isotopes 
precluded  the  presence  of  chlorine,  bromine,  or  sulfur.  The  presence  of 
nitrogen  was  considered  unlikely  because  at  least  two  atoms  would  be  necessary 
(for  an  even  molecular  weight),  and  there  was  no  evidence  for  the  more  common 
N-contalnlng  functional  groups  In  the  IR  spectrum.  To  calculate  molecular 
formulae  for  all  possible  combinations  of  C,  H,  and  0  which  give  MW  336,  a 
computer  program  was  used.  Only  the  possibilities  with  0,  1,  and  2  units  of 
unsaturation  (double  bonds  or  cycles)  were  considered:  ci7H36°6^0^ » 

^16H32°7^^  an<*  ^15H2S®8^)«  ^  survey  of  recent  Chemical  Abstracts  decennial 

Indices  (1957-1976)  showed  only  hydroxyl-  and/or  carbonyl-containing  entries 
for  the  latter  two  formulae,  and  the  only  entry  for  lacking  these 

functional  groups  was  the  compound  5,8,11 ,13,16, 19-hexaoxatrlcosane.  The  mass 
spectral  fragmentation  pattern,  summarized  below.  Is  In  complete  accord  with  this 
assignment.  The  compound,  symmetrical  about  the  central  acetal  carbon  (*), 


191 


CH3CH2CH2CH2OCH2CH2OCH2CH2O 


ch2o 


CH2CH20CH2CH20CH2CH2CH2CH3 


175 


fragments  In  El  mode  to  give  the  two  highest  mass  ions  observed,  m/z  191  and 
175.  Further  "unzipping"  of  the  ethylene  oxide  units  by  successive  losses  of 
CH2O  moieties  (m/z  30)  gives  the  observed  peaks  at  m/£  161,  145,  and  131.  The 
peak  at  m/z  87  is  due  to  the  butoxymethylene  ion  C^HgOCHo.  In  the  earlier 
described  100°C  Cl  mass  spectrum,  the  presence  of  a  smaller  peak  at  m/z  235 
(lf*l),  in  addition  to  that  at  m/z  237,  constitutes  additional  evidence  in 
support  of  the  central  acetal  carbon. 


The  correctness  of  this  deduced  structure  was  completely  confirmed  by  1H 
NMR  measurements,  recommended  by  us  and  performed  at  Chemical  Systems 


Laboratory.  Data  were  as  follows:  0.8  (triplet,  6H,  butyl  CHo's),  1.2-1. 5 
(multlplet,  8H,  butyl  Cl^'s),  3. 2-3. 6  (multiplet,  20  H,  OCHg'T) ,  and  4.6 
(singlet,  2H,  -OCH^O-) . 

Thus,  the  identity  of  the  xenobiotic  contaminant  of  the  Fort  Irwin  field 
water  storage  and  distribution  system  has  been  conclusively  established  as 
5,8,11 ,13,16, 19-hexaoxatricosane  (common  names:  butylcarbitol  formal  and 
Cryoflex).  The  compound  is  used  principally  as  a  plasticizer  and  as  a  con¬ 
stituent  of  hydraulic  fluids  and  solid  propellants.  Its  reported  toxicity  of 
1,746  mg/kg  (oral  LDjg  in  rats)4  places  the  compound  in  the  "moderately  toxic" 
category. 
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Figure  1 .  Electron  Impact  mass  spectrum  of  field  water  supply  system  contaminant 
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Figure  2.  Chemical  ionisation  mass  spectrin  of  field  water  supply  system  contaminant, 
source  temperature  200°C. 
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Figure  3.  Chemical  Ionization  mass  spectrum  of  field  water  supply  system  contaminant, 
source  temperature  100°C. 


10 


Figure  4.  Infrared  spectrum  of  field  water  supply  system  contaminant 
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